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bet\\cen oceanic and stable shickl geothcrms and that 
this difference takes the form illustrated in fig. 2. Never
theless, the specific form of the curves. particularly 
their "COIl\ exity" and closeness of apprl~ach to the 
pyrolite solidus, depend sensitively on kno\\ ledge of 
the magnitude of radiative heat transfer in the upper 
mantle. No unique solution for geothermal gradients is 
currently possible but a general evaluation of the roh~ 
of mineralogical zoning in the upper mantle can best 
be obtained by consideration of the two examples in 
fig. 2. 

Along the Precambrian shield geotherm, the prob
ability of chemical zoning would limit the possible 
phase assemblages. ]1' rocks of composition approach
ing pyrolite occur locally, then there may be an extre
mely limited zone near the base of the crust where these 
would crystallize to olivine + orthopyroxene (J % 
Al 20 3) + clinopyroxene + spinel assemblages. Similar 
compositions below about 35--40 km would yield oli
vine + orthopyroxene (1-2 % AI 20 3) + clinopyroxene + 
garnet assemblages and it may be noted that the garnet 
content would be relatively high (e.g. 12 % garnet in 
pyrolite III composition). No regular change in mine
ralogy would occur for rocks of pyrolite composition 
along the Precambrian shield geotherm. 

The picture is very different along the oceanic geo
thermo The olivine + orthopyroxene + clinopyroxene + 
spinel assemblage is stable in pyrolite composition to 
depths of 60- 70 km. Within this interval the amount 
of spinel would decrease and the Al 10 3 content of 
pyroxenes would increase with increasing depth (reac
tion (2)). Prior to the incoming of garnet at 60-70 km 
and about 1000 °C, aluminous spinel would coexist 
with orthopyroxene containing about 3 % A1 2 0 3 • An 
intersection of the geotherm with the phase boundary 
at a higher temperature than that illustrated in fig. 2 
would yield assemblages with less spinel and with ortho
pyroxene of higher AI 20 3 content (4-5 % AI 2 0 3). 

An extremely steep geothermal gradient, possibly re
alized only in regions ~ctively producing basaltic mag
mas, would be requi( d to enter the olivine+alumi
nous enstati~.e ... (6~ A120 3) + aJuminous clinopyroxene 
field . In regioti~ of partial melting a~d magma genera
tion, sucr ~aoje.n[s must be attained and it may be 
noted that garnet does not appear on the pyrol ite ] Il 
(anhydrous) solidus until depths?" 100 kms are reached. 

At depths of 60-70 km on the oceanic geotherm, 
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garnet appears from reaction (I) and is in equilibrium 
with orthopyro.\cne containing about 3~ :' AI 2 0 J . It is 
estimated that abouL 6° (~ garnet would appear in pyro. 
lite 1I1 composition at 60- 70 kill on the geothermal 
gradient illustrated. ]f the geothermal gradient inter
sected the boundary at a higher temperature, thc 
amount of garnet appearing would be correspondingly 
less, e.g. abollt 3- 4 ~ .;. garnet coexisting with orthopy
roxene containing about 4.5 ~;' A1 20 3 • 

The incoming of garnet due to reaction (I) at about 
60-70 km in the oceanic mantle probably occurs over 
a relatively small depth interval (5- 15 km). With further 
penetration along the geotherm into the garnet pyrolitc 
field the amount of garnet may actually decrease - this 
will occur for temperature gradients steeper than thc 
lines of constant Alz0 3 content of orthopyroxenc 
shown in fig. 2. For the gradient shown, pyrolite III 
will contain about 5 % garnet at depths between 90 and 
120 km and the mineralogy will remain constant over 
this interval. At depths greater than 120 kill the geo
thermal gradient becomes increasi ngly transgressive to 
the lines of constant Al 20 3 content for orthopyroxene. 
Thus, along this part of the geothermal gradient, the 
aluminous pyroxenes will gradually break down to 
yield an increasing garnet content and low-alumina 
pyroxenes. At depths of 200-250 km the assemblage or 
pyrolite IIT will probably contain 11-12 ~~ of garnet. 

The transition from aluminous pyroxenes + spincl 
pyrolite to garnet pyrolite at depths of 60-70 km in the 
oceanic mantle is in agreement with MACGREGOR'S 

(1964) data and with the conclusions of ITO and KD:
NEDY (1967) on the stability of spinel and garnet-bear
ing peridotite. Allhough the present work does not Slip

port earlier conclusions (RI>':GWOOD ef al., 1964; MA C

GREGOR and BOYD. 1964) that garnet pyrolite would nol 
in general be stable until depths of 120- 150 km. it 
provides excellent confirmation of the importance at 

this depth inter\'al of the breakdo\\'n of aluminous p~
roxenes to garnet + low alumina pyroxenes, the reac
tions on which these earlier conclusions were based. It 

should be pointed out that for pyrolite-like cOll1po ~ i

tions with higher pyroxene/(AI , Cr) 20 J ratios than py
rolites 1,11 and III. the field of garnet pyrolite may not 
be entered until depths in excess of 120 km are reaclH:d 
- this is particularly relevant for mantle regions from 
which basaltic fractions have been removed (cf. M AC

GREGOR, 1967). Geothermal grad ients steeper than thai 

Fig. J. Di. 
, ,!long the 01 

illustrated 
amount of 
action (I) 
duced at d 

This bri( 
lion of OUt 
of mantle 
implied in 
lion along 
lariations, 

lIssed by 
reproduced 

The pre\ 
lig. 3 illust 
changes ani 
.t l1ce in dete 
Li pper manl 
ll1 inima in 1 
from the s 
lig. 3 may 
geothermal 


